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ABSTRACT

Ten shallow (<20 m) reefs at Naval Station Guantanamo Bay, southeastern Cuba, were
surveyed during July—August 1996 to evaluate topographic complexity and community
structure with respect to depth-related zonation and potential sedimentation impacts from
the Guantanamo River. While the methods employed were not novel, coral reefs in the
study area had not been previously studied and, because of low human population den-
sity, may provide useful comparisons to more disturbed reefs in the Caribbean. On lee-
ward and windward sides of the Bay, four shallow (5 m) and four deeper (10 m) spur-and-
groove reefs were surveyed, along with two reefs within the mouth of the Bay. On each
reef, four 25-m transects were oriented perpendicular to shore on four haphazardly se-
lected spurs and used to randomly select 1 m X 1 m quadrat locations. Benthic coverage
using point-intercept counts and topographic complexity using the chain-length method
were quantified within quadrats. All sampled reefs were dominated by algae, especially
algal turfs, and stony corals. Mean percent algal cover among reefs ranged from 50 to
78%, while coral cover ranged from 11 to 49%. Analysis of variance showed that depth
was more important than location in explaining the variability in mean coral cover. Clus-
ter analysis using percent coverage of all bottom types and relative coral cover confirmed
that reefs at the same depth were more similar in benthic composition. Several species
considered to be less tolerant of sedimentation, however, were more abundant on wind-
ward reefs, suggesting that differences in sedimentation between windward and leeward
areas may affect relative species abundance, but not total coral cover. Percent coral cover
estimates from 9 of the surveyed reefs were well above recent values reported for other
wider Caribbean reefs. The predominance of corals on these reefs is surprising, given the
low abundance of herbivores (due to mass mortality and overfishing) and possible dis-
ease outbreaks affecting acroporid corals. These disturbances appear to have had less
severe consequences than for other wider Caribbean reefs such as those in Jamaica and
the Lesser Antilles, potentially due to the relative rarity of destructive storm events.

The island of Cuba is approximately 104,232 km? in area and has a coastline estimated
at between 3500 and 5746 km by different authors (Wells, 1988). The insular shelf varies
in width from 100 m off the coast south of Sierra Maestra to more than 140 km off
Havana in the north. Maximum depths on the island shelf are approximately 100 m be-
fore abyssal depths are attained offshore at 1000 to 7000 m. Coral reefs occur throughout
the insular shelf of Cuba, together with numerous islets and cays (Kuhlmann, 1974). The
total reef extension for the island is estimated at 3966 km (Alcolado et al., 1997), parti-
tioned into 2150 km on the north coast and 1816 km on the south coast (Wells, 1988).
Several studies have described reef types and described species composition and commu-
nity structure patterns, particularly on the northern and southwestern coasts (Kuhlmann,
1974; Zlatarski and Estalella, 1982; Herrera and Alcolado, 1986; Alcolado et al., 1993,
1997), but there is limited information for the southeastern coast.
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The purpose of this study was to rapidly assess community structure and diversity
patterns of previously undescribed coral reefs at the Naval Station Guantanamo Bay, south-
eastern Cuba. The study was part of a broader rapid assessment program sponsored by the
U.S. Department of Navy to provide a foundation for an integrated natural resources
management plan (Sedaghatkish and Roca, 1999). The objectives of the coral reef assess-
ment were three-fold: (1) to inventory the sessile benthic flora and fauna associated with
reefs; (2) to describe depth-related zonation patterns; and (3) to evaluate the potential
impact of Guantanamo River outflow on reefs located on the leeward side of the Naval
Station. The study objectives were met by measuring topographic complexity, benthic
coverage, and coral diversity patterns during 3 wks of sampling in July—August 1996.
The study area’s relatively remote location, low human population density, and similar
zonation structure to that described for many Caribbean reefs may provide useful com-
parisons to more impacted coral reef environments.

STUDY AREA

The U.S. Naval Station at Guantanamo Bay is situated at the southeastern tip of Cuba at 19°15'N,
75°9'W (Fig. 1). Established in 1903, the Naval Base occupies roughly 117 km? (45 mi?) of Cuban
territory and has 13.9 km of coastline. The total population of the Naval Station as of June 1996 was
4693 residents, represented by 1751 military personnel and 2942 civilians.

The Guantanamo Bay area climate is hot and dry, with minimum air temperatures of 18-19°C
during January—February and maximum temperatures of 28-30°C during July—August. Precipita-
tion ranges from 400—-837 mm yr~!, with monthly averages of 12-37 mm during the winter to 128
mm during the summer. The terrestrial area of the Naval Base is dominated by tropical dry forests,
circumscribed by an array of coastal environments including mangroves, seagrass beds, rocky shores,
and coral reefs (Sedaghatkish and Roca, 1999). Although high Pleistocene cliffs dominate the Car-
ibbean coastal entrance to the bay and appear to have similar zonation patterns to Holocene reefs,
these features have not been adequately studied. The shelf slope is roughly 35°, which contrasts
significantly with a slight slope angle (>2°) on the western Cuban shelf. Although several rivers
occur within and near the study area, the most notable being the Guantanamo River, overland run-
off (10 mm) and subterranean runoff (5 mm) appear to be relatively insignificant. The Guantanamo
Bay area, in fact, receives the lowest amount of river runoff on the island. Tides on the southern
coast are semi-diurnal with a 0.5—1 m range in tidal height and currents are predominately from the
east and northeast (Grant and Wyatt, 1980).

Distinct reef zones along a depth gradient on windward and leeward sides of the Naval Station
were recognized during reconnaissance snorkel and SCUBA surveys: reef flat/breaker zone at 0.1-
to 2-m depth; spur and groove at 5-m depth; spur and groove at 10-m depth; deep fore reef slope;
and fore reef escarpment (Fig. 2). A second inshore-to-offshore zonation pattern was evident off
Phillip’s Park near the mouth of Bay: shallow spur and groove, sparse seagrass and sand, patch
reefs, deeper seagrass, and deeper spur and groove. Shallow spur-and-groove reefs occur immedi-
ately offshore of sandy beaches, or steep, vertical rocky shores. On the windward and leeward sides
of the Bay, coralline spurs are oriented in a north-to-south direction, indicative of the direction of
predominant swell. Within the mouth of the bay, spurs are oriented east-to-west. Shallow spurs near
the mouth of the bay are of much lower profile (generally <3 m vertical relief), upwards of 30 m in
length, and up to 3 m wide. On windward and leeward coasts, spurs occur offshore of a breaker
zone with localized dominance by Acropora palmata, Millepora complanata, and octocorals such
as Gorgonia ventalina (Fig. 2, top). The predominant benthos are mostly turf algae and octocorals
overlying an A. palmata framework. Seaward of the breaker zone is the shallow spur-and-groove
system (Fig. 2, middle). Spurs are approximately 25 m in length or shorter, roughly 2-3 m wide,
and as shallow as 3 m in some places. Closer to shore, individual spurs often merge. Grooves
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Figure 2. Reef zonation patterns at Guantanamo Bay Naval Station, southeastern Cuba. Reef flat and
breaker zone showing Acropora palmata substratum at 0.5—1 m depth (top). Shallower spur-and-groove
zone at 5-m depth (middle). Deeper spur and groove zone at 10-m depth, showing a predominance of
large Montastraea spp. colonies and living and dead A. cervivornis, similar to historical mixed zone
described for Jamaica.
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Table 1. Depth range of transects, mean (1 SD) depth of surveyed quadrats, and mean (1 SD)
topographic complexity (TC) for reefs surveyed in Guantdnamo Bay Naval Base, Cuba. Sample
size was 40 1-m? quadrats for each reef.

Reef type/local name (code) Depth  Quadrat depth TC
(m) (m) (cm/m)
Windward, shallow reefs
Kittery Beach (WS1) 4.8-8.1 6.42 (0.67) 156 (33)
Cable Beach (WS2) 3.9-9.6 6.80 (1.21) 148 (38)
Windward, deeper reefs
Iguana House (WD1) 8.1-12.0 9.97 (0.92) 159 (33)
The Slot (WD2) 10.2-13.5 11.48 (0.91) 180 (44)

Leeward, shallow reefs
Hidden Beach Shallow (LS1)  3.6-7.2  6.09 (0.67) 148 (27)
Chapman Beach Shallow (LS2) 3.3-7.2  5.29(0.78) 147 (31)
Leeward, deeper reefs
Hidden Beach Deep (LD1) 7.5-11.7  8.82(0.92) 179 (44)
Chapman Beach Deep (LD2) 63-12.3  9.62 (1.56) 140 (23)
Bay, shallow reefs
Phillip's Park (BS1) 3.0-54 3.93 (0.70) 121 (13)

Bay, deeper reefs
Mike Boat Reef (BD1) 8.1-12.6 931 (1.14) 162 (27)

consist mostly of coarse, calcareous sediments comprised of Halimeda sand. Measurements of 15
individual spurs at four reefs showed that the change in slope with distance from shore averages
0.06 (range = 0.01-0.16), i.e., an increase of 1.5-m depth per 25-m distance. The seaward edge of
the spurs terminates at 8-m depth in an area with a mixture of sand and/or sparse seagrass
(Syringodium filiforme).

Seaward of the shallow spur-and-groove system is the mid-depth (10 m) spur-and-groove system
(Fig. 2, bottom). Spurs are relatively wide (3—5 m), range in depth from 7-8 m toward shore to 13
m at the seaward base, and have upwards of 4.5 m of vertical relief. This zone appears to be similar
to the mixed zone, and to a lesser extent the cervicornis zone, described for other western Carib-
bean reefs such as the Cayman Islands and Jamaica (Goreau, 1959; Fenner, 1993). Measurements
of 15 spurs at 4 reefs showed that the change in slope from a shoreward-to-seaward direction aver-
ages 0.07 (range = 0.01-0.14), i.e., an increase of 1.75 m per 25 m distance.

Offshore of the spur-and-groove system at 10-m depth is the deeper fore reef slope, which ex-
tends from 15- to 25-m depth. Deeper spurs end at about 15-m depth, and below this depth, the
grooves become wider, while the spurs are narrower, of less relief, and have lower coral cover. The
deeper reef slope terminates at roughly 25-27 m in a fore reef escarpment, or drop-off zone.

MATERIALS AND METHODS

Ten spur-and-groove reefs within the Naval Station Guantanamo Bay were surveyed for species
richness and benthic community structure during July—August 1996 (Table 1). Benthic surveys
were generally confined to less than 14-m depth and, except for two sites, all other reefs were
accessed from shore. Two replicate reef areas were surveyed in each location (windward, leeward)
and depth category (5 m, 10 m), except for only one shallow (BS1) and deep spur and groove reef
(BD1) within the mouth of Guantdnamo Bay (Fig. 1). Mean depth of quadrats surveyed for the five
shallow spur-and-groove reefs ranged from 3.9 to 6.4 m, while mean sample depth for the five
deeper spur-and-groove reefs ranged from 8.8 to 11.5 m.
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Figure 3. Cumulative number of coral species vs quadrats sampled for reefs at 5-m depth (top) and
10-m depth (middle) and standard error of percent coral cover vs number of quadrats sampled
(bottom).

Randomly placed quadrats along line transects were used to estimate topographic complexity
and coverage. In each general reef area, four coralline spurs were selected haphazardly and used to
locate 25 m transects placed inshore to offshore (total of 10 reefs and 40 spurs). Quadrats measur-
ing I mx 1 m were placed randomly along transects on each reef. The length of transect was chosen
based on the length of spurs and the width of the desire depth interval based on apparent zonation
patterns. Ten 1-m? quadrats were randomly placed along each of the four transects. The size of
quadrats was selected based on the maximum size of organisms (i.e., generally no larger than 1 min
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diameter) in the study area. Topographic complexity, an integrated but indirect measure of distur-
bance, was measured using the chain-link method (Rogers et al., 1983; Aronson and Precht, 1995).
A 2-m length of brass chain, marked in 10 cm increments, was placed across each 1 m X 1 m
quadrat along the contours of the substratum and used to measure the length of chain versus a
known linear distance. Ten measurements per spur for a total of 40 measurements per reef were
obtained in this manner. Benthic coverage was estimated using point-intercept counts within quad-
rats (Ohlhorst et al., 1988). A 1-m? quadrat was divided by string so that 25 intersection points were
contained within the area of the quadrat. For each reef, 1000 points were surveyed for bottom cover.
The bottom type under each point was identified to the lowest taxonomic level possible.

Appropriate sample sizes were considered for the variables measured in this study using two
techniques. Species-area curves (Gleason, 1922) for reef corals were used to evaluate the function
of the cumulative number of species vs. quadrats sampled (Fig. 3). Our sample size of 40 1-m?
quadrats was often twice the level of sampling needed to reach the asymptote in the curve. Sample
size was also evaluated by comparing standard errors of particular parameters to sample-size func-
tions (Fig. 3). This approach used a method described by Bros and Colwell (1987), in which the
resolving power of various sample sizes is compared by examining the standard error of the mean
vs. the number of samples. This relationship is theoretically a decreasing asymptotic function ap-
proaching zero, and the location of the region of greatest change in slope is a result of the relation-
ship between the sample variance and the true variance. For our study, percent coral cover was
selected as the metric to evaluate minimum sample size, based on the assumption that this variable
would be the most indicative of patterns in community structure patterns related to depth and loca-
tion. A bootstrapping technique was used to randomly select at least four draws per sample size
over a range of sample sizes from 2 to n — 1. The region of greatest change in the four plots was
approximately ten quadrats for coral cover (Fig. 2).

The parameters measured were used to test the null hypotheses of no differences among reefs in
topographic complexity and benthic cover with respect to depth and location within the Guantanamo
Bay Naval Station. Data collection was structured so that a two-way nested analysis of variance
could be used, in which there were two levels or categories of depth (shallow vs. deep) and two
levels of location (windward vs leeward). In each depth-location combination, there were two reef
sites comprising the nested term (random effect). The method of Sokal and Rohlf (1981) was used
to determine how much of the total variability was due to location, depth, the interaction term, and
the nested term in each of the models. The two reefs within the mouth of Guantanamo Bay (Phillip’s
Pier area) were not used in the model, because only one shallow and deep reef were surveyed in this
area. The 40 1-m? quadrats per reef constituted the replicates used in the models. Data were tested
for normality and variance homogeneity using the Kolmogorov-Smirnof Test for both discrete and
continuous distributions, as well as Bartlett’s Chi-square test, respectively (Zar, 1996). Although
analysis of variance is robust to many types of non-normality (Underwood, 1981), it was deter-
mined that percent sponge cover and octocoral cover data could not be analyzed in this manner.
Frequency distributions for these two variables were negatively skewed due to the large number of
zero values in the data. It was determined that monotonic transformations for the other variables
were necessary to remove the relationship between the variance and the mean. For mean percent
algal and coral cover, an arcsine transformation was used (sin! Vp, where p is the decimal equiva-
lent of the percentage), while a logarithmic transformation (log,x) was used for topographic com-
plexity.

Relationships among depth, topographic complexity and benthic community structure were ex-
plored using correlation analysis (Zar, 1996). Due to the skewed distributions of sponge and octocoral
coverage data, Spearman rank correlation coefficients were used. A sequential Bonferroni test was
used to assess the table-wide significance of correlations, in order to control the probability of
incorrectly rejecting one or more null hypothesis and to maintain the power of the statistical tests
for detecting false null hypotheses.

Multivariate statistical techniques were used to evaluate patterns in species composition and
relative abundance among reefs. Data from point-intercept counts for all bottom types were used to
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compute similarity among reefs using the Percent Similarity Index, computed as Similarity S =200
*{S minimum (Y, Y, /(S (Y, Y, )}, where Y, = score (i.e., percent cover) for the i species in the
j" sample and Y, = score for the i species in the k™ sample (Pielou, 1984). The index was summed
for all species and functional groups identified in the samples. Pair-wise comparisons were made
among reefs to construct a dendrogram from cluster analysis using a group-average sorting strategy
(Pielou, 1984). Although the group-average sorting strategy has several disadvantages (i.e., hierar-
chy is irreversible, only inter-group value is shown), this method is generally preferable to other
strategies (Field et al., 1982). These same procedures were also used to evaluate patterns in relative
coral cover by species.

Diversity patterns of corals by depth and location were explored using data from point-intercept
counts. The number of points represented by each species was used to compute diversity indices
using the Shannon-Weaver Index, a measure that takes into account both species richness and even-
ness (Pielou, 1977). Diversity was calculated as H', = S plogp,, where H'c = diversity based on
cover, p, = the proportion of points covered by the i" species, and S indicates the summation over all
i species. Natural logarithms (log ) were used to compute the indices. Evenness was computed as J'_
=H'/H'__, where H' is as above and H' = logarithm of the number of coral species recorded.

REsuLTS

Seventy-two benthic cnidarians distributed among two taxonomic classes were identi-
fied during the reef assessments (Table 2). Species were distributed among seven orders
and 40 genera and 13 subspecies or forms were found. Twenty-nine species of octocorals
among 12 genera were recorded. Identifications for 11 of the 29 species were confirmed
by spicule preparations. Thirty-four species and ten forms or subspecies of stony corals
were identified.

Ten spur-and-groove reefs were sampled for topographic complexity and benthic cover
among three locations (windward, leeward, bay) and two depths (roughly 5 and 10 m;
Table 1). Among the eight reefs in the ANOVA model, mean topographic complexity did
not differ significantly with respect to location (P > 0.50, F-test) or depth (P > 0.20, F-
test; Table 2). The two main factors combined accounted for only 7% of the variability in
the data. Although not included in the model, reef site BD1 exhibited comparable topo-
graphic complexity to deeper spur-and-groove reefs on leeward and windward coasts,
while reef site BS1 had considerably lower relief (<140 cm/m) than other shallow reefs.

Mean percent algal cover among reefs ranged from 50 to 78% (Fig. 4). Turf algae,
crustose coralline algae, Dictyota spp., and Halimeda spp. comprised more than 90% of
the total algal cover (Appendix). The dominant functional group was algal turf, whose
mean percent cover among reefs ranged from 27-63%. Turf algae accounted for 51 to
83% of'the total algal cover. Analysis of variance indicated no significant differences (P >
0.05, F-test) in total algal cover with respect to location or depth (Table 3). Mean cover-
age by Dictyota spp. at 5 m depth was greater on leeward reefs (11.8-16.3%) than wind-
ward reefs (4.3-5.1%). On windward reefs, coverage by Dictyota spp. was greater at 10
m depth, but on leeward reefs, coverage was greater at 5 m depth. Coverage by Halimeda
spp. exhibited a similar pattern.

Mean percent coral cover ranged from 11 to 49% among the 10 reefs (Fig. 4). The
lowest coverage was recorded at reef site BS1. Coral cover was consistently greater at 10-
m depth (34.4-49.2%) than at 5-m depth (10.7-30.1%). Analysis of variance indicated
significant differences in total coral cover with respect to depth (P < 0.02, F-test), but not
location (Table 3). Depth accounted for 10% of the variability in the data. Acropora
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Table 2. Systematic list of benthic cnidarians (Phylum Cnidaria) observed on reefs of Guantdnamo
Bay Naval Base, Cuba. Identification of octocorals marked with an asterisk (*) were confirmed
using spicule preparations.

Class Hydrozoa
Order Athecatae
Family Stylasteridae
Stylaster roseus (Pallas)
Family Milleporidae
Millepora alcicornis Linnaeus
M. complanata Lamarck
Class Anthozoa
Subclass Ceriantipatharia
Order Antipatharia
Family Antipathidae
Stichopathes lutkeni Brook
Subclass Alcyonaria
Order Alcyonacea
Suborder Scleraxonia
Family Briareidae
Briareum asbestinum (Pallas)
Suborder Holaxonia
Family Anthothelidae
Erythropodium caribaeorum (Duchassaing and Michelotti)
Family Plexauridae
Iciliogorgia schrammi Duchassaing
Eunicea calyculata (Ellis and Solander)
E. fusca* Duchassaing and Michelotti
E. laciniata* Duchassaing and Michelotti
E. mammosa Lamouroux
E. palmeri Bayer
E. succinea forma plantaginea® Lamarck
E. tourneforti forma tourneforti Milne Edwards and Haime
E. tourneforti forma atra* Verrill
Muricea atlantica (Riess)
M. muricata (Pallas)
Muriceopsis flavida* (Lamarck)
M. petila* sp. nov.
Plexaura flexuosa* Lamouroux
P. homomalla (Esper)
P. nina* Bayer and Deichmann
Plexaurella dichotoma* (Esper)
P. grisea* (Kunze)
P. nutans (Duchassaing and Michelotti)
Pseudoplexaura porosa (Houttuyn)
Family Gorgoniidae
Gorgonia flabellum Linnaeus
G. ventalina Linnaeus
Pseudopterogorgia acerosa® (Pallas)
P. americana (Gmelin)
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Table 2. Continued.

P. bipinnata (Verrill)
P. rigida (Bielschowsky)
Pterogorgia citrina (Esper)
P. guadalupensis Duchassaing and Michelin
Subclass Zoantharia
Order Actiniaria
Family Actiniidae
Condylactis gigantea (Weinland)
Family Aiptasidae
Bartholomea annulata (Lesueur)
Order Zoanthidea
Family Zoanthidae
Palythoa mammilosa (Ellis and Solander)
Zoanthus pulchellus Duchassaing and Michelotti
Order Corallimorpharia
Family Actinodiscidae
Ricordea florida Duchassaing and Michelotti
Order Scleractinia
Suborder Astrocoeniina
Family Astrocoeniidae
Stephanocoenia michelinii Milne Edwards and Haime
Family Pocilloporidae
Madracis formosa Wells
M. mirabilis sensu Wells
Family Acroporidae
Acropora cervicornis (Lamarck)
A. palmata (Lamarck)
Suborder Fungiina
Family Agariciidae
Agaricia agaricites forma agaricites (Linnaeus)
A. agaricites forma carinata Wells
A. agaricites forma danai Milne Edwards and Haime
A. agaricites forma purpurea (Lesueur)
A. lamarcki Milne Edwards and Haime
A. tenuifolia Dana
Leptoseris cucullata (Ellis and Solander)
Family Siderastreidae
Siderastrea radians (Pallas)
S. siderea (Ellis and Solander)
Family Poritidae
Porites astreoides Lamarck
P. porites forma porites (Pallas)
P. porites forma furcata Lamarck
P. porites forma divaricata Lesueur
Suborder Faviina
Family Faviidae
Colpophyllia natans (Houttuyn)
Diploria clivosa (Ellis and Solander)
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Table 2. Continued.

D. labyrinthiformis (Linnaeus)
D. strigosa (Dana)
Favia fragum (Esper)
Manicina areolata mayori Wells
Montastraea annularis (Ellis and Solander)
M. cavernosa Linnaeus

Family Meandrinidae
Dendrogyra cylindrus Ehrenberg
Dichocoenia stellaris Milne Edwards and Haime
D. stokesi Milne Edwards and Haime
Meandrina meandrites meandrites (Linnaeus)
M. meandrites memorialis (Wells)

Family Mussidae
Isophyllastrea rigida (Dana)
Mussa angulosa (Pallas)
Mycetophyllia aliciae Wells
M. danaana Milne Edwards and Haime
M. ferox Wells
M. lamarckiana Milne Edwards and Haime
Scolymia cubensis Milne Edwards and Haime
S. lacera (Pallas)

Suborder Caryophylliina

Family Caryophylliidae

Eusmilia fastigiata (Pallas)

cervicornis, Agaricia tenuifolia, M. complanata, M. annularis, Porites astreoides, and P.
porites comprised the majority of coral cover throughout the study area (Appendix). Sev-
eral species exhibited depth-related changes in coverage (Table 4). Coverage by A.
agaricites, Madracis mirabilis, M. annularis, and P. porites was greater at 10-m depth,
while coverage by A. tenuifolia, M. complanata, and P. astreoides was greater at 5-m
depth. Some species exhibited patterns in coverage related to location. At 5-m depth, 4.
agaricites, Diploria clivosa, and Siderastrea siderea were more abundant on leeward reefs,
while M. annularis was more abundant on windward reefs. At 10-m depth, P. astreoides
and S. siderea were more abundant on leeward reefs.

Coral diversity and evenness metrics based on point-intercept counts mostly exhibited
differences related to depth, but not location (Table 5). Coral diversity and evenness were
consistently greater on shallower reefs; this pattern reflected the greater dominance by
fewer species, most notably M. annularis and P. porites, at 10-m depth.

Mean percent sponge cover ranged from <1 to 8% (Fig. 4). Coverage was generally
greater at 5-m depth (range of 1.2—-7.9%) than 10-m depth (0.3—1.3%), and was inversely
correlated (P < 0.05, Spearman rank correlation) with depth and coral cover. This result
partly reflected the pattern of greater coverage by Cliona langae in shallower reefs (Ap-
pendix).

Mean percent octocoral cover ranged from 0.1 to 2.1% (Fig. 4). Octocoral cover was
generally greater at 5-m (range of 0.7-2.1%) than 10-m depth (0.1-1.3%). While 16 spe-
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Figure 4. Mean percent cover of algae, sponges, stony corals, and octocorals in spur-and-groove
reefs of Guantanamo Bay Naval Station, Cuba. Error bars represent one standard deviation. Sample

cies were recorded within quadrats among the 10 reefs (Appendix), no species on average
comprised more than 0.9% of the sampled reef surface.

The similarity of sampled reefs was evaluated based on community composition (all
bottom types) and relative coral cover. For all benthic types considered, the major pattern
evident in the cluster analysis was the partitioning of reefs based on depth more than
location (Fig. 5, left). The two reefs near the mouth of the bay (BS1, BD1) were the least
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Table 3. Effects of location and depth on variation in mean topographic complexity, percent algal
cover and percent coral cover on reefs of Guantainamo Bay Naval Base, Cuba. Data used were
log,, (x+1) transformed topographic complexity and arcsine transformed (sin™' \x) coverage
values. NS =P > 0.05, * =P < 0.02, ** =P < 0.001.

Variable Factor F-value df Significance % variability
Topographic complexity Depth 1.844 1 NS 6.37
Location 0.379 1 NS 1.03
Depth * Location 0.099 1 NS 6.54
Site {depth * location) 7.860 4 Hk 12.56
Percent algal cover Depth 9.797 1 NS 6.49
Location 0.298 1 NS 1.47
Depth * Location 2048 1 NS 1.76
Site {depth * location) 1.503 4 NS 1.12
Percent coral cover Depth 29.487 1 * 9.57
Location 0.142 1 NS 0.96
Depth * Location 1.842 1 NS 1.30
4

Site {depth * location) 0.656 NS 0.75

similar to other reefs. Overall similarity among eight of the ten reefs was relatively high
(>60%), reflecting the dominance by similar benthos such as turf algae, Dictyota spp.,
Halimeda spp., and crustose coralline algae. Similarity of reefs based on relative coral
cover also reflected the greater importance of depth (Fig. 5, right). The two reefs within
the mouth of the bay were the least similar, but for different reasons. Reef site BSI was
least similar to other shallow spur-and-groove reefs because of lower coral cover, as well
as the low relative abundance of A. tenuifolia, M. complanata, and M. annularis. Reef site
BDI exhibited greater coral cover compared to other deeper spur-and-groove reefs, how-
ever, most of the coverage was represented by a single species (P, porites). This contrasted
with other 10-m reefs, where coral cover was dominated by P, porites, but also M. annularis,
P. astreoides and A. cervicornis (Table 4).

Table 4. Dominant faunal elements (> 10% relative faunal cover) on reefs of Guantinamo Bay
Naval Base, Cuba. WS = windward reefs at 5 m depth, WD = windward reefs at 10 m, LS =
leeward reefs at 5 m, LD = leeward reefs at 10 m, BS = bay reefs at 5 m, and BD = bay reefs at
10 m.

Species WS WD LS LD BS BD
Stony corals (Scleractinia and Milleporina)
Acropora cervicornis X X
Agaricia tenuifolia X X
Montastraea annularis X X X
Porites astreoides X X X
P. porites X X X
Siderastrea siderea X X
Sponges (Demospongeae)
Cliona langae X
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Table 5. Diversity, evenness, and coverage parameters for stony corals on reefs of Guantdnamo
Bay Naval Base, Cuba. Shannon-Weaver diversity H', = plog p,, Evenness J' = H /log S, and S
= number of species sampled in quadrats.

Reef type/local name (code) Diversity Evenness S Mean %
(H'c) J'o) cover
Windward, shallow reefs
Kittery Beach (WS1) 1.911 0.724 14 30.1
Cable Beach (WS2) 1.945 0.783 12 29.3
Windward, deeper reefs
Iguana House (WD1) 1.399 0.546 13 37.9
The Slot (WD2) 1.620 0.614 14 34.4

Leeward, shallow reefs
Hidden Beach Shallow (LS1)  2.132 0.858 12 29.8
Chapman Beach Shallow
(LS2) 2.298 0.849 15 26.1
Leeward, deeper reefs
Hidden Beach Deep (LD1) 1.750 0.594 19 40.2
Chapman Beach Deep (LD2) 1.540 0.583 14 37.2
Bay, shallow reefs

Phillip's Park (BS1) 1.885 0.759 12 10.7
Bay, deeper reefs
Mike Boat Reef (BD1) 0.834 0.336 12 49.2
Discussion

The coral reefs of Naval Station Guantanamo Bay comprise a fringing reef system with
well-developed spur-and-groove formations on the shallow and deeper fore reef slope
from 4 to 20 m depth. Like elsewhere in Cuba, fringing reefs occur on the insular plat-
form where the island shelf is relatively narrow (Kuhlmann, 1974; Zlatarski and Estalella,
1982). There were similar species richness and dominance patterns of corals on reefs of
Guantanamo Bay Naval Station as on other Caribbean reefs, particularly in the western
Caribbean such as those in Jamaica, Belize, and the Cayman Islands (Edmunds et al.,
1990; Fenner, 1993). Previous studies of other Cuban reefs have shown that the dominant
constructional elements in general are A. palmata, A. cervicornis, D. strigosa, M. annularis,
M. cavernosa, M. complanata, P. astreoides and S. siderea (Kuhlmann, 1974). In addition
to these species, A. tenuifolia was locally abundant at 5-m depth in the study area. This
pattern is similar to other western Caribbean locations, such as Belize, where spurs at 3—
6 m depth can be dominated by 4. tenuifolia (Aronson and Precht, 1995).

While our surveys yielded 44 stony coral taxa, surveys of 100 locations around the
island by Zlatarski and Estalella (1982) yielded 55 species (depending on type of classi-
fication), of which 13 were ahermatypes, as well as five hydrocorals. Nine hermatypic
species reported by these authors were not found in the Guantdnamo Bay area: Acropora
prolifera (only one record for Cuba), Madracis decactis, M. senaria (only one record),
Solenastrea bournoni, S. hyades, Cladocora arbuscula, Scolymia wellsi, Mycetophyllia
reesi, and Meandrina meandrites braziliensis. Eight ahermatypic species reported by
Zlatarski and Estalella (1982) were not found either, as well as two (Millepora delicatula
and M. squarrosa) of the five hydrocorals. Not unexpectedly, the coral fauna of the south-
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Figure 5. Similarity of reefs based on benthic coverage of all taxa (left) and relative coral coverage
(right) at Guantanamo Bay Naval Station, Cuba. Similarity values were computed using the Percent
Similarity Index and clustered using a group-average sorting strategy.

eastern Cuban coast is highly similar to other shallow-water (<30 m) Caribbean reef areas
(Cairns, 1982; Fenner, 1993; Holst and Guzman, 1993; Chiappone et al., 1996).

Reef zonation has been defined as distinct coral associations dominated by one to a few
reef-building species (Goreau, 1959; Geister, 1977). Zones tend to be roughly parallel
and correspond to differences in the character of the substrate, light intensity, and degree
of wave exposure (Graus and Macintyre, 1989). The assessment of reefs at Guantanamo
Bay Naval Station revealed depth-related patterns in coral cover and species composition.
Changes in community structure with depth tend to reflect changes in species composi-
tion and relative abundance, rather than differences in diversity and absolute abundance
(Bak, 1977; Liddell and Ohlhorst, 1987; Fenner, 1993). The pattern of greater coral cover,
diversity and evenness measures with depth in the Guantanamo Bay area may reflect
greater disturbance in shallow reefs, principally due to wave energy. One of the most
notable changes with depth was a shift in dominant coral species: A. tenuifolia and A.
palmata, more abundant at 5-m depth, were replaced at 10-m depth by A. cervicornis and
P. porites.

Algae and stony corals dominated shallow spur-and-groove reefs of Guantanamo Bay.
Coral cover among five reefs was equal to or greater than that reported for other western
Atlantic reefs (Fenner, 1993; Edmunds and Bruno, 1996, Chiappone and Sullivan, 1997,
Chiappone et al., 1997). Dominant species were A. tenuifolia, M. annularis, P. porites. M.
complanata, and A. palmata were locally abundant on individual spurs. This dominance
pattern is very similar to western Caribbean reefs such as in Belize, Honduras, and the
Cayman Islands (Rutzler and Macintyre, 1982; Fenner, 1993). A characteristic feature of
some western Caribbean reefs is the prevalence of 4. tenuifolia in shallow zones (<7 m)
(Fenner, 1993; Aronson and Precht, 1995). On four of the five shallow reefs surveyed at
Guantanamo Bay Naval Station, this species covered on average 4 to 5% of the reef sur-
face sampled. This contrasts with reefs in the Greater Antilles, Bahamas, and Florida
Keys, where this species is rare or absent (Chiappone and Sullivan, 1997; Chiappone et
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al., 1997). A. tenuifolia tends to predominate in low-energy conditions, due to its delicate,
blade-like colonies (Cairns, 1982; Chornesky, 1991).

An often-characteristic feature of deeper spur-and-groove reefs (10-25 m) in the west-
ern Caribbean is the prevalence of A. cervicornis (Goreau, 1959; Adey, 1977). Although
disease and hurricanes have decimated A. cervicornis populations in many locations
(Gladfelter, 1982; Knowlton et al., 1990), this species was historically a major mid-depth
reef terrace builder throughout the wider Caribbean. In the five deeper spur-and-groove
reefs surveyed at Guantanamo Bay Naval Station, the substratum was mostly comprised
of live 4. cervicornis (mean coverage ranging from 0.1 to 9.4%), rubble colonized by
algae, or massive coral species. While many of the areas with live 4. cervicornis were
surrounded by rubble, possibly indicative of disease, no incidence of disease was recog-
nizable for any coral species we surveyed.

Among the important factors determining coral abundance, growth, and distribution is
sedimentation (Rogers, 1990). At the population level, sedimentation can affect diversity,
species composition, and coverage, while growth, recruitment, disease incidence, and
recovery potential can be affected at the colony level (Loya, 1976; Cortes and Risk, 1984).
Within certain limits, reef-building corals can rid themselves of sediment by such pro-
cesses as mucus secretion and ciliary action. A second objective of the rapid assessment
of Guantanamo Bay coral reefs was to evaluate the differences, if any, in reef community
structure among leeward and windward reefs, representing possible differences in sedi-
mentation from the Guantanamo River. Because circulation is predominately from east to
west in the study area, we expected leeward reefs to differ in coral cover and relative
abundance patterns. It was apparent during SCUBA dives that turbidity during the ebb
tide increased dramatically on leeward reefs (15+ m horizontal during flood tide, but less
than 3—4 m during ebb tide) and anecdotal observations from Naval Station personnel
suggested that development north of the Bay has caused increased sedimentation (P.
Martinez, pers. comm., Public Works Department).

Despite qualitative differences in visibility apparent to the underwater observer, quan-
titative biological data collected during the reef assessment indicated no statistical differ-
ences attributable to location in terms of topographic complexity, coral cover, or coral
diversity. We anticipated that coral cover and diversity would be lower on leeward reefs,
yet the results illustrated instead depth-related patterns consistent for both windward and
leeward coasts. There were some differences in relative abundance patterns that poten-
tially indicate a chronic, low-level sedimentation or turbidity effect. For example, P. porites
was more abundant than A. cervicornis on spurs near the mouth of Guantanamo Bay,
potentially reflecting the ability of P. porites to remove silt-sized particles more efficiently
(Hubbard and Pocock, 1972). Other species relatively efficient at sediment removal were
more abundant on leeward reefs than windward reefs, such as D. clivosa and S. siderea.
The overland runoff in the study area may partially explain the lack of any statistical
effect recorded during our study, as well as the lack of historical data on land-use patterns
and resultant effects on nearshore benthos. In contrast, sedimentation impacts have been
documented in many other coastal areas of Cuba, particularly near urbanized and indus-
trial areas, but also in many impacted watersheds (Alcolado et al., 1997).

Surveyed reefs at Guantanamo Bay Naval Station indicated dominance by algae, espe-
cially algal turfs, and reef-building corals. Relative to other Caribbean reef areas, these
results are surprising and appear to differ from the large-scale declines in coral cover and
concurrent increases in macroalgae documented in the Lesser Antilles (Smith et al., 1997),
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south-central Caribbean (Woodley et al., 1997), and Central America (Cortes, 1997). The
very high coral cover values recorded are comparable to results from the central Bahamas
(i.e., most sites with >25% cover), although the dominance patterns are remarkably dif-
ferent (Chiappone et al., 1997). Nine of the ten sites surveyed had mean coral cover
between 26 and 49%. A. cervicornis was locally abundant and comprised nearly 10% of
the reef surface in some locations at 10-m depth, contrasting with large-scale declines
documented Caribbean-wide from disease, algal overgrowth due to herbivore loss (par-
ticularly by urchins because of overfishing), and storm damage (Woodley et al., 1997). A4.
palmata was relatively sparse in distribution, recorded within quadrats at only two loca-
tions, and does not appear to form extensive reef crests at Guantanamo Bay. Although the
reef flat/breaker zone appears to have been constructed by this species, algae now domi-
nate this zone, and the timing and cause of the 4. palmata decline are unknown.

Although algae were the predominant benthos in all surveyed reefs, turfs represented
most coverage, and all reefs had less than 25% coverage by macroalgae (principally
Halimeda, Lobophora, Dictyota). Although the predominance of algal turfs may be in-
dicative of high grazing pressure, no urchins were found in the surveyed quadrats, and
Diadema antillarum has apparently not recovered elsewhere on Cuban reefs (Alcolado et
al., 1997). More surprisingly, the coral reefs at Guantanamo Bay are intensively fished
(recreational hook-and-line and spearfishing), with piscivores and large herbivores scarce
or totally absent in shallow water (Sedaghatkish and Roca, 1999).

Tropical storms represent significant perturbations which can affect coral reefs through
physical destruction, through increases in sedimentation and turbidity, and through low-
ering of salinity and increasing of nutrient concentrations after heavy runoff (Rogers et
al., 1982). Physical destruction can result in changes in diversity (e.g., reduction in spe-
cies, changes in relative abundance), competitive interactions, and reductions in topo-
graphic complexity and coral cover (Knowlton et al., 1990; Rogers et al., 1991). A wide
range of damage to reefs may occur, dependent upon the intensity of the storm, proximity
of the storm eye to the reef, reef exposure, and a variety of other factors (Rogers et al.,
1991). From 1944 through 1996, 14 tropical storms of varying severity have come within
200 km of Guantanamo Bay. The most recent storm was Hurricane Gordon in 1994,
however, this was only a tropical storm (wind speed = 74 km h™!") near the study area. Of
the 14 tropical storms, only seven have been of hurricane strength (>110 km h™'), and all
but one of the hurricanes occurred before 1967. Because there are no historical data for
reefs in southeastern Cuba, determining the impacts of past storms are speculative at
best. It is evident, however, that several reef systems in the western Caribbean which have
not been impacted by storms in the past two decades (e.g., Roatan, Cayman Islands) have
greater coral cover and structural complexity (Rogers et al., 1991; Fenner, 1993). Perhaps
the rarity of destructive storm events at Guantanamo Bay, compared to other areas such as
northern Jamaica, has allowed corals to continue to flourish, despite apparent outbreaks
of disease and low herbivore densities (urchin mortality and overfishing).
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Appendix. Mean % cover of bottom types on spur and groove reefs of Guantinamo Bay Naval
Base, Cuba, as determined from point-intercept counts in 40 1 m? quadrats for each reef.

Bottom type WS1 WD1 WS2 WD2 LSI LDI LS2 LD2 BS1 BDI
Sediment 1.2 38 4.8 1.7 15 0.1 1.7 8.9 26 0.1
Amphiroa fragilissima 0.1

A. rigida 0.2 0.1 04

A. tribulus 02 02 05 0.8 03

Crustose coralline 44 25 33 24 47 4.6 4.7 4.9 0.1 2.5
Dictyota spp. 43 117 5.1 82 11.8 37 163 143 7.0 147
Halimeda copiosa 0.1 0.1 0.1

H. goreauii 1.5 40 1.9 1.0 38 25 53 22 04
H. opuntia 0.1 0.2

H. tuna 03 42 0.5 23 04 3.1 1.1 52 038
Laurencia intricata 0.5
Lobophora variegata 0.1 0.1 1.5

Rhipocephalus phoenix 0.1 0.2 0.1

Sargassum hystrix 0.2 0.1

Schizothrix calcicola 0.2
Stypopodium zonale 0.6 0.2 0.1 0.1 0.1 0.1

Turf algae 537 33.1 497 46.5 42.1 357 41.1 265 633 31.0
Udotea flabellum 0.1

Total algal cover 65.0 559 61.0 622 637 569 66.1 525 781 502
Agelas sp. 0.2

Aplysina cauliformis 0.2 0.2 0.1 0.1 0.2

A. fistularis 0.1 0.9 0.1
Anthosigmella varians 0.1

Chondrilla nucula 0.1 02 0.2 0.6 0.1

Cliona langae 1.3 05 1.1 04 22 1.0 28 0.2 5.0
Ectyoplasia ferox 0.1

Geodia neptuna 0.1

lotrochota birotulata 0.1

Niphates digitalis 0.1

Pseudoceratina crassa 0.1 0.6 0.1
Verongula gigantea 0.2

V. rigida 0.2 0.2 0.4
Xestospongia muta 0.6

Total sponge cover 1.7 13 1.2 09 25 1.3 34 03 79 04

Acropora cervicornis 27 23 1.0 94 4.1 0.1 0.1 2.4 0.2 2.1

A. palmata 2.3 2.8

Agaricia agaricites 04 0.6 0.1 04 0.1 1.2 03 1.1 0.2 0.2
A. tenuifolia 53 09 4.4 1.6 54 1.1 4.1 0.7 1.2
Colpophyllia natans 0.5 0.2 0.4 1.2 08 0.1 0.1 0.1
Dichocoenia stokesi 0.1 0.1 0.2 0.2
Diploria clivosa 0.1 0.5 0.8 1.1 04 1.3 0.5 0.9
D. labyrinthiformis 0.2 0.1 0.3 0.3

Isophyllastrea rigida 0.1
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Appendix. Continued.

Bottom type WS1 WDI WS2 WD2 LSI LDI LS2 LD2 BSI BDI
Leptoseris cucullata 0.1

Madracis formosa 0.1

M. mirabilis 02 05 0.6 0.1 0.5
Meandrina meandrites 0.4 0.6 0.1
Millepora alcicornis 0.1 02 0.2

M. complanata 27 03 1.5 0.1 2.5 1.6 1.8 04 03 03
Montastraea annularis 11.0  24.5 74 7.0 54 221 3.6 11.7 0.8 3.3
M. cavernosa 07 06 02 1.0 04 02 0.3 0.1
Mussa angulosa 0.1

Mpycetophyllia danaana 0.1 02 0.1 0.2

M. ferox 0.2 0.1

Porites astreoides 35 1.8 49 09 38 23 44 29 2.5 1.3
P. porites 24 32 67 13.0 1.3 48 31 164 09 39.8
Siderastrea siderea 09 23 1.6 36 24 26 04 40 0.2
Steph. michelini 0.2 0.1 03 05

Total coral cover 30.1 379 293 344 29.8 402 261 372 107 49.2
Briareum asbestinum 0.3 0.3 0.6 0.2

Erythro. caribaeorum 0.7 05 0.1 09 02 07 0.1

Eunicea mammosa 0.2 0.2 02 0.1 0.1 0.1

E. palmeri 0.2

E. tourneforti 0.2 0.1 0.1 0.1
Gorgonia flabellum 0.1

G. ventalina 02 01 01 02 0.1 0.1 0.3
Muricea muricata 0.1 0.1 0.1

Muriceopsis flavida 0.2

Plexaura flexuosa 0.1 03 0.1 05 03

P. homomalla 02 03 0.1 0.3 02 0.1

Plexaurella dichotoma 0.1 0.1 0.1 0.1

P. nutans 0.1 0.1
Pseudoplex. porosa 0.1 0.1 0.1

Pseudopter. acerosa 0.1

P. americana 0.2 0.1 0.2

Total octocoral cover 1.0 1.1 21 09 20 1.3 1.8 09 0.7 0.1
Lebrunia danae 0.1

Palythoa mammilosa 1.0 1.6 05 04 08 02




